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Executive Summary

The purpose of this report is to consolidate all currently avail-
able data regarding the groundwater conditions of the Northern Neck
Peninsula of Virginia. The Northern Neck, which includes the counties
of Lancaster, Northumberland, Richmond and Westmoreland, depends en-
tirely upon groundwater as their only developed source for both in-
dustrial and potable water supply. The total groundwater withdrawals
approximate two million gallons per day (2 mgd or 7.6 X 106 L/day)
and demand is divided nearlyevenly between domestic and industrial
uses.

Geologic factors closely control the occurrence, distribution and
quality of groundwater. In the Northern Neck, the geology is dominated
by the Coastal Plain sediments which may be as thick as 3,500.feal. -
(Plate 2). Within this thickness are the three major aquifer systems
in which the groundwater supply of .the Northern Neck occurs: the Water
Table system, the Upper Artesian aquifer system and the Principal
Artesian aquifer system.

Very 1ittle data exists concerning the Water Table aquifer system
which provides many private dwellings with potable water. Due to
seasonal level fluctuations it is not a totally reliable source.

The Upper Artesian aquifer system has a fairly consistent thickness
of about 60 feet and varies from 200 feet below sea level in the western
portions of the Study Area to 375 feet below sea level in the eastern
portions (Plate 5). It has a low to moderate well yield potential (20
gpm (75.7 L/min) to 110 gpm (416.4 L/min)) and produces water of a
moderately soft type.

The Principal Artesian aquifer system has a relatively large well
yield potential (40 gpm (151.4 L/min) to 340 gpm (3179.4 L/min)), and
varies from 300 feet below sea level in the western third of the Study
Area to nearly 600 feet below sea level in Lancaster County (Plate 4).

The water is generally of a soft sodium bicarbonate type. In the south-v

easternmost tip of Northumberland County the chloride values are
s1ightly higher than normal (Plate 12 and Table 7). The sodium content
of the groundwater in the eastern zone of the Principal Artesian aquifer
system has been found to be greater than 200 ppm. This high sodium con-
tent in drinking water is considered detrimental when used on a daily
routine basis by those people on a moderately restricted sodium diet.
The characteristic of a high ratio of total dissolved solids to hardness
in this aquifer is in contrast tc a lower ratic for the same parameters
in the Upper Artesian aquifer. :

Although approximately 88% of the total groundwater withdrawals in
the Northern Neck are from the Principal Artesian aquifer system, it
has not thus far been noticeably overdeveloped. The needs of the area
through the year 2020 under current and projected rates of utilization
should adequately be met when considering the large potential for ground-
water development. In order to obtain more specific knowledge of the

ix




groundwater conditions a much more comprehensive and quantitative data
base is needed throughout the Northern Neck peninsula. The most
efficient method of obtaining this data is through the use of scientifi-
cally constructed research stations. Several stations are recommended
to be constructed in the future. '

B
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CHAPTER T
INTRODUCTION

General Location and Background

The counties of Lancaster, Northumberland, Richmond and Westmore-
land form the northern-most peninsula (Plate 1) of the Commonwealth
of Virginia and as such collectively are called the Northern Neck of
Virginia. The region's extensive coastal areas contrast slightly
with the gently rolling inland hillsides to form a very rural setting.

The population of the Northern Neck Area exhibited on?y slight
growth during the 1950's and the 1960's, as can be seen in Tabde-}. -
(below). The increase from 35,000 in 1950 to 37,000 in 1970 indicates
only a 0.5% annual rate of increase. The largest town in the area is
Colonial Beach, having a 1973 population of 2,244 (Department of Commerce
estimate). ‘

TABLE 1
POPULATIONS

Counties 1950 1960 1970
Lancaster 8,640 9,124 9,126
Northumberland ' 10,012 10,185 9,239
Richmond 6,189 6,375 6,504
Westmoreland 10,148 11,042 12,142
TOTAL 34,989 36,776 37,011

Source: Division of State Pilanning and Community Affairs

Manufacturing is the most imporfant of the area's industries. The
seafood industry accounted for 23% of total employment in March, 1966.
Other basic industries include agriculture, fisheries, the tourist trade
and the non-local portion of wholesale trade. Approximately 4% of the
total population were employed in agricultural jobs in the four-county
area in March, 1966. The major source of farm income in each of the
four counties is field crops, primarily soybeans, corn and small grains.

In the MNorthern Meck, groundwater is the only developed source of
water to meet both industrial and potable water demands. Groundwater
provides for much of the irrigaticnal needs as well. Total withdrawals
from the Northe;n Neck area approximate two million gallons per day (2

MGD (7.57 X107 L/day}). This amount is split fairly evenly between
domest1c and industrial uses (see Chapter VI).

'Y
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Purpose and Scope

By consolidating available data regarding the groundwater

conditions of the Northern Neck, this report should provide basic
information useful to lay and professionally oriented readers. It is

- anticipated that this report will graphically delineate the available
groundwater resources of the area. Since groundwater is the prin-
cipal source of potable water in the area, this report will be use-
ful in formulating future development plans. Considering land area,
amount of construction, and overall expense, development of ground-
water is generally much more economical than development of surface

- water. It is also easily adaptable to growth as new wells can be
drilled when and, usually, where needed (see Chapter VI).

P it

Methods of Investigation -

The occurrence, availability, and quality of groundwater are
governed by geology. Much of this report regarding the general
background and geologic information was derived from previous
reports, both published and unpublished. Some of the information
on water-well construction and groundwater quality was obtained
from other agencies, although the majority of it has been col-
lected by the State Water Control Board (SWCB). Static water
level measurements, for example, were obtained from both SWC3
observation wells and wells owned by various entities (i.e.,
private, industrial, and agricultural). Driller's notes and logs
were obtained from the files of area drillers. Pumpage reports
and groundwater use surveys submitted to the SWCB were also
utilized within this report. Water quality data from wells were
used to determine chemical distribution within the major zgquifers.
The most recent of this quality information was obtained by the
SWCB staff.

Previous Investigations

Few investigations nave been made specifically of the ground-
water resources of the Northern Neck of Virginia. Allen Sinnott,
in 1969, drafted "Groundwater Resources of the Ncrthern Neck
Peninsula, Virginia" but it has not been published. Associated
Engineers and Surveyors, Ltd., in 1975, prepared an evaluation of
the groundwater resources of Westmoreland County. The most recent
i report was prepared by Lichtler, in 1975, titled, "Report on th
-" Development of a Groundwater Supply at George Washington Birtnplace

~ Mational Monument". This groundwater system is located in northern
Westmoreland County.

The earliest discussion of the groundwater rasources of the
entire Coastal Plain of Virginia included a county-by-county

description of the groundwater {(Sanford, 1913). Cederstrom (1943,
1946) published two bulletins regarding the grouncwater quality in

3 ) "
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the Coastal Plain of Virginia. In 1953, the state of Maryland pub-
Tished H. F. Ferguson's investigation of the groundwater resources of
nearby St. Mary's County. Brown, et. al.,(1973) studied the struc-
tural geology, stratigraphy, and relative permeability of strata in
the North Atlantic Coastal Plain. Teifke and Onuschak (1973) pre-
sented the results of investigations of the stratigraphy, paleo-
geology and environmental geology of the Coastal Plain of Virginia.

Water Well Number System

The State Water Control Board's Bureau of Water Control Manage-
ment maintains such water well information as well size and depth,
yield, and other pertinent data in a computerized system at the Board's
Headquarters in Richmond. Also, information on water quality and
water level changes is maintained in Richmond by the Boardis--Bureau -
of Surveillance and Field Studies. Retrieval of this information
for specific wells is possible by utilizing the water well numbering
system.

This system is comprised of two numbers: the first one is a
county identity number (Lancaster County is 151) and the second number
is a sequential listing of wells in the County. For example, well
number 151-58 refers to a specific well in Lancaster County. At the
time of this report over 286 wells were identified and on file for
this area. It is estimated that the total number of wells available
for inclusion in this data system is substantially higher than the
existing 286 wells.




CHAPTER 11
PHYSICAL SETTING

Study Area Description

The Northern Meck Peninsula, encompassing 829 square miles, is
approximately 65 miles long, with an average width of about 20 miles.
Summarized in Table 2 (below) are the land and water areas. The area
1ies entirely within the Coastal Plain Physiographic Province. It
is bounded by the Potomac River on the northeast, the Rappahannock
River on the southwest, King George County on the northwest and the
Chesapeake Bay on the east. Portions of three major river basins,
the Rappahannock, the Potomac and the Small Coastal River Basiag-- —
are found within the Northern Neck.

TABLE 2
LAND AND WATER AREAS

Land Area Water Area
County Sq. Miles Sq. Km. $g. Miles Sq. Km.
Lancaster 136.5 353.5 16.5 42.7
Morthumberland 190.1 492.4 32.9 85.2
Richmond | 191.4 - 495.7 11.6 30.0
Westmoreland ; 236.0 611.2 14.0 _36.3
754.0 1952.8 75.0 194.2

Physiography

The Coastal Plain Physiographic Province in the Northern Neck
is characterized by the following geomorphic {land form) features:

1) Broad, gently dipping terraces formed by changing ancestral
sea levels.

2) Steep, ancestral, beach-ridge escarpments separating the
terraces. Two noted Tidewater scarps are the Surry Scarp
which passes through Burgess and along the Eastern Branch
of the Corrotoman River (75 feet above mean sea level,
ms1) and the Suffolk Scarp which passes through Kilmar-
nock and White Stone (50 feet above msl)).

i




3) Broad flood-plains characterized by meander loops and
depositional features. (This type of stream morphology
is characterized by the stream expending most of its energy
in lateral erosion rather than vertical downcutting, i.e.
the upper Rappahannock River.)

4) The formation of fluvial-estuarine systems (drowned river Ay

valleys) occurred as river flood plains and channels were
engulfed by a rise in sea level. (The lower Rappahannock
and Potomac Rivers are examples of such found within the

Study Area.)

Average relief of the Study Area is approximately 75 feet (23 km.)
above ms1.

IR S it

Climate

The climate of the Northern Neck can be classified as temperate,
with the annual, average temperature being 580F (140C). Latitude,
topography, prevailing winds and proximity to the Chesapeake Bay and
the Atlantic COcean exert influence upon the climate of the area.
Average annual precipitation in the area varies only slightly from a
Tow of 40 inches (102 cm) in Westmoreland County toahigh of 43 inches
(109 cm) in Lancaster and Northumberland Counties.

The prevailing wind is from the southwest, which generally brings
the moist air from the Gulf of Mexico to the arsa. Polar air masses
from the northwest clash with the warm gulf air to produce most of the
climatological changes that occur in the area. :

Hydrology

The Northern MNeck has many streams as well as several large
tidal-river, bay areas. The massive, bay areas are surrounded by
large areas of relatively flat and gently sloping terrain. The vast
tidal-water resources of the Northern Neck are accompanied by many
excellent natural wildlife habitats, found in the marshy lowlands in,
and adjacent to, the tidal-stream estuaries. The land areas adjacent
to the wetlands generally have a high water table which restricts suit-
ability for septic tanks and drainfislds.

The greater part of inland Northern Meck is webbed with valleys
and ridges draining to many streams in the area. Generally, there
are large, fertile plateaus of gently rolling land between the stream
watersheds. These plateaus are suited ideally to the farming opera-
tions for which they are primarily used. Many of the stream valleys
have slopes on the order of ten percent or greater, and most of them
have slopes exceeding five percent. :




Soils

The soils of the four-county area have been divided into three
major groups: the upland soils, the low-marine, terrace soils, and
the piedmont river soils. On the higher terrace, the soils are
generally well drained, while those of the level areas have impeded
drainage. Generally, the soil conditions in all four counties are
quite good, both for building and for septic tanks. In the low,
marshy lands and along Tow shorelines the soil conditions are un-
favorable for sewage percolation. The higher ground along the major
highways, away from the shore, is almost all favorable for structural
?ui]ding, as well as suited for the use of septic tanks and drain-

jelds.

Northumberland and Lancaster Counties are the only counties-in -
the Study Area which have a completed soil survey. This survey was
prepared by the U. S. Department of Agriculture, Soil Conservation
Service (USDA, SCS) in cooperation with the Virginia Agricultural
Experiment Station. The soils delineated in that survey are typical
of those found in the low lying coastal areas of the other counties.

General soil maps for each of the four counties in the Study
Aaea have been prepared by the USDA, SCS. The general groupings of
soil, or associations, contain a few major soils and several minor
soil types in a pattern that is characteristic, but not uniform, for
the area. As a result, detailed site investigation is necessary to
determine the suitability of specific sites for a particular land
use.

Existing Patterns of Land Use

The two major uses of land within the area are for farming and
forestry. These two land practices exemplify the rural-agriculturai
economy that historically has dominated this area. In addition to
stands of commercial and non-commercial pine and nardwood forests,
cultivated vegetation includes soybeans, corn, wheat, and tobacco.
The protection of the hillside areas is important from a water-
conservation standpoint since the forest cover helps retain a large
percentage of rainfall for recharge of groundwater supplies.

Towns and older, small communities generally are located in the
upland-plateau areas. There has been very 1ittle development in the
hillside areas. Urban growth and its effects have not been very
significant to date; however, recent develcpments around towns, along
major highways and near shorelines indicate that urban growth may
become more evident in the future.
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CHAPTER III
HYDROGEOLOGY

Geologic Setting

Geologic factors closely control the occurrence, distribution -7
and quality of groundwater. The most important of these related
factors in the Coastal Plain is the lithology or types of rocks.
The ability of different types of rocks and sediments to absorb, -
store and transmit water varies greatly according to their make-up.
Sediments which act as a reservoir and ailow the favorable trans-
mission of water are referred to as aquifers, while those that
are neither porous nor permeable enough to yield water are termed. -
aquicludes. As water moves underground it acquires a chemical con-
st1tuency which is uniquely characteristic of the type of sediment
in which it circulates.

The Northern Neck sediments, as part of the Coastal Plain Pro-
vince, consists of a seaward-thickening and gently dipping wedge of
sands, silts, clays and marls deposited by fluvial, deltaic and marine
processes, overlying a pre-Cretacecus basement complex. For a more
detailed discussion of the geology of the entire Virginia Coastal
Plain, see Cederstrom (1946), Brown (1972) or Teifke (1973).

Historic Sketch. The type of sediments deposited at a given place
and stratigraphic position within the Coastal Plain Province are very
much determined by its relationship to the coastline and rivers of the
past and present. In the recent geologic past the shoreline has
shifted back and forth several times, from as far west as near the
present fall zone to east of the present beach line.

Uplift in areas west of the fall zone, 430-280 million years
ago (Paleozoic Era), with coastal movements along the Atlantic Con-
tinental margin, have produced a seaward slope on the crystalline
basement rock surface (Plate 2). Subsequent erosion of those up-
lifted areas filled the depositional basins to the east. These
unconsolidated sediments are of Cretaceous (about 63-136 million
years old), Paleocene (about 58-863 million years old), Eocene
(about 36-58 million years old), Miocene (abcout 13-25 million years -
old), and Post-Miocene Ages (recent to about 13 million years old) -
(Table 3) and censist of alternating marine and non-marine, depo-
sitional strata. In the sastern extreme of the Study Area, the -
thickness of these sediments reaches approximately 3,500 feet. To
the west, the fall zone itself is actually the area of outcrop of
the basement complex, and the overlying, unconsolidated sediments
decrease in thickness to zero feet. The formational boundaries pre-
sented in this repori are based mainly on lithcstratigraphic correla-
tions, interpretations of geopnysical logs, and previous publications.
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Stratigraphy. In the Coastal Plain, the Precambrian-Triassic
age "basement complex" underlies unconsolidated sediments of Cretaceous
through Recent age (Table 3). The top of the "basement" dips almost
due east from an altitude of -1400 feet (mean sea level) in the
western tip of Westmoreland County to -350Q0 (ms1) feet in the north-
eastern tip of Northumberland County (Plate 2) (Teifke, 1973). The
basement is primarily granite or its saprolite (weathered residual)
and is assumed to be equated with the Petersburg Granite exposed to
the west in the Piedmont Province. "Redbeds", usually sandstone of
~Triassic age, are known to occur to the south at West Point in King
William County. It is not at this time known whether they underlie
any portion of the Northern Neck.

Cretaceous sediments, in previous works on the Coastal Plain,
have been subdivided into the Lower Cretaceous, Potomac Group.and.. -
the Upper Cretaceous, Mattaponi Formation. Teifke designates the
intermediate strata of Early Cretaceous Age as "transitional beds"
(Table 3). These "transitional beds" exist only in the northwestern
half of Westmoreland County where their thickness is as much as 100
feet in the extreme northwest. Apparently, in the remainder of the
Northern Neck, including the areas as far west as Erica and Coles
Point, these "transitional beds" have been completely eroded. The
Cretaceous sediments were deposited in a fluvial-deltaic environment
(Cederstrom, 1945). In both the York-James Peninsula and the Middie
Peninsula, the preserved, meandering channel facies of the fluvial
(river) environment and the deltaic environment have been identified pre-
viously. In the Northern Neck area these sediments contain approxi-
mately 25-50% sand in most areas, with scattered localities and depths
having as much as 75% sand (Brown, 1972). These sand units probably
result in many good water-bearing beds.

The marine Mattaponi Formation of Paleocene Age is overlain by
the Nanjemoy Formation and lies directly upon the Patuxent Formation.
This occurs in the majority of the Northern Neck with the exception
of northwestern Westmoreland County, where it lies directly upon the
“transitional beds". Thus defined, the Mattaponi interval includes
rocks referred to as the Aquia Formation and is comprised of beds of
quartz-glauconite sand, drab-colored, glauconite-bearing clay, shell
beds, and an occasional bed, or beds, of indurated calcitic rock.
Water-bearing, basal gravel is a subordinate 1ithologic type of rela-
tively local occurrence. Abundant autochthonous (formed in place)
glauconite is the principal lithologic criterion used to identify the
unit (Teifke, 1973). The thickness of the Mattaponi is between 80 and
200 feet (Teifke, 1973). The elevation of the top of the Mattaponi
Formation dips from -60 feet (ms1) in the western tip of Westmoreland
County to lower than -500 feet (ms1) along the Chesapeake Bay,
Northumberland County boundary.

The Nanjemoy Formation is comprised of sediments generally con-
sidered to be of Eocene age. The Nanjemoy, as defined by Teifke,
is equivalent to sediments of Claiborne age, as described by Brown
(1972). This formation is a succession of beds of sand, clay
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and calcitic units deposited under marine conditions. The heds of
sand are mineralogically simple, consisting primarily of varying
proportions of quartz and glauconite. They range from brown clayey
beds of sand in which glauconite is a minor constituent to beds of
clean "greensand", in which glauconite may constitute as much as 90
percent of the grains (Teifke, 1973). At the base of the Nanjemoy

is the distinctive, pink, Mariboro clay. The thickness of the Nan-
Jemoy Formation is generally at least 100 feet in the Northern Neck.
It thins to as little as 40 feet in the westernmost part of Westmore-
land County and in the coastal portions of Lancaster County, evidencing
the relatively Tow filled basin in between. The elevation of the
top of the Nanjemoy dips east-southeast from mean sea level in the
far west of Westmoreland County to -420 feet (msl) on the coast of
Lancaster County. ’

L D, W e &

The Calvert Formation, of late Eocene to early Miocene age, in-
cludes all strata between the top of the Nanjemoy and the base of the
Yorktown, or the base of the Columbia Group in the absence of the
Yorktown Formation. It is the most widespread geologic unit in the
Northern Neck. The Calvert Formation outcrops in the western halves
of Westmoreland and Richmond counties. Although, in the area of the
outcrop, it is less than 50 feet thick, maximum observed thicknesses
of the total Calvert section include 332 feet in Northumberland County
(Town of Ditchley, 166-14). The altitude of the top of the formation
grades from over 100 feet above mean sea level in the western portions
of the Study Area to below sea level in the coastal areas. The Cal-
vert Formation generally can be divided into three parts: the basal
sand member, the diatomaceous member and the upper member. The water-
bearing, basal sand member generally consists predominantly of sand
beds with minor clay beds of lenses. The principal constituents of
the sands are usually clear, polished quartz and 5-15 percent reworked
phosphorite. This is known as the most highly phosphoritic zone in
the entire Coastal Plain section and causes a marked inflection in
gamma-ray logs. The diatomaceous beds are pale brown to buff in color
and uniform in texture; they contain very little sand or silt. The
upper member consists primarily of greenish-gray to brownish-gray,
si1t¥ clay and interbedded accumulations of mollusk shells (Teifke,
1973).

The Yorktown Formation, of late Miocene age and possibly Pliocene
age in its uppermost part, consists of the marine sediments between
the top of the Calvert Formation and the base of the Columbia Group.
The Calvert differs from the younger Yorktown in that the latter has
more abundant and coarser-grained sand-and-gravel units, and more
abundant and thicker shell beds. The Yorktown is also lighter in color
than the upper member of the Calvert (Teifke, 1973).

The Columbia Group consists of all sediments which overlie recog-
nizable Yorktown or Calvert strata.  These younger. non-marine deposits,
Pliocene through Recent in age, cover most of the Yorktown and older
rocks in the Study Area. Oxidized clays. silts. sands and gravels
constitute most of the deposits. In most places the sediments
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of the Columbia Group contrast sharply with any marine formation which
they.overlie. ,

Groundwater Availability

Groundwater of the Northern Neck occurs in three major aquifer
systems (Table 4 and Appendix F).. The uppermost aquifer system, the ~
water-table aquifer, is found throughout the area. It consists of
unconsolidated deposits of Tertiary and Quarternary Age (primarily
the Columbia Group and the Yorktown Formation). The second aquifer
system of the Northern Neck is the upper-artesian aquifer system of
Eocene age, which is formed from sediments of the Calvert Formation
near the Chesapeake Bay and some sediments from the top of the Nanjemoy
Formation near Warsaw and westward. The third aquifer system, the
principal-artesian aquifer system, comprised of Paleocene and-€retacedus
Age sediments (Patuxent and Mattaponi Formation) is found throughout the
entire peninsula. In addition, there is a minor, second, upper artesian
aquifer system of Miocene age throughout the area. This system, however,

~is comprised of sands which are generally too fine to yield enough water

to be worthy of development.

Specific capacity, defined as gallons per minute of withdrawal
per foot of drawdown (gpm/ft) is the most reliable hydrogeologic
information available for most of the wells in the Northern Neck.
Therefore, specific capacity is used in this report as an indicator
of aquifer potential. It should be noted that variations in well
construction and development will have pronounced effects on the
specific capacity of a well. In those areas, however, where specific
capacities are reproted accurately and well completion information is
available, specific capacities can be used as a reasonable comparative
parameter of aquifer potential. :

For wells on which construction data and geophysical logs are
available, specific capacities have been corrected by means of a
graph. The graph has been constructed fromthe Kozeny formula which
compensates for well diameter, well construction and partial pene-
tration of the aquifer (Johnson, 1972).

Principal Artesian Aquifer. The principal-artesian aquifer system
in the Northern Neck has a relatively large well-yield potential (200
gpm (757L/min)). The system is composed of many sands from the Matta-
poni and Patuxent formations that have a high potential yield from
depths which vary from 300 feet below sea level in the western third
of the Study Area to nearly 600 feet below sea level in Lancaster
County (Plate 4). The topography of the basement rock complex, the
presence of faults in the basement, the percentage of sand in the
aquifer and the thickness of the aquifer control the hydrology of
the aquifer (State Water Control Board, 1973). The lithology can be
extremely variable, even within short distances. Aquifer sand-percentage
is higher in the areas where sands were deposited by meandering river
channels than in areas where sands were deposited by tributary stream
channels. The thickness of the aquifer system increases to the eastern
and northeast portion of the Study Area. The Aquia greensand, at the
top of the Mattaponi Formation, supplies most of the public supply wells
in nearby St. Marys County, Maryland.

14

I




Water requirements and economic factors normally determine well
design. The installation of multiple, short screens in the various
sands, rather than a single, long screen is the most efficient method
of obtaining large yields for this area. Well yields obtained from
this aquifer system in the Northern Neck predominantly are affected
by the percentage of sand composition and the well design. In order
to increase the delivered volume, the screen or screens are set‘in .
the smallest reasonable diameter, which is then enlarged upwards.
Small diameter wells (6 inch diameter telescoped to 4 inch or 4 inch
diameter telescoped to 2 inch) with screens in only a small portion
of the aquifer, are constructed when only low well-yields are required
(Table 4 and Appendix B). When higher yields are sought, larger -
diameter (untelescoped six inch or greater) wells are necessary. High-
yield wells often are designed with multiple, short screens plaged. -
adjacent to all the major sand strata encountered. The largest well
yields recorded include 503 gpm (1904 L/min) at Haynie Products in
Northumberland County (well 166-26) and 844 gpm (3195 L/min) at
Arrowhead Manufacturing in Westmoreland County (well 196-17).

Like actual well yields, specific capacities of wells developed
in the principal aquifer are also dependent upon well design and
aquifer characteristics. Specific capacities of small-diameter wells,
designed as previously discussed, range from 0.5 gpm/ft (6.21 L/min/m)
to 3.3 gpm/ft (41.0 L/min/M) (Table 4 and Appendix B). Specific
capacities of the above mentioned large diameter wells range from
2 gpm/ft (24.84 L/min/M) to 15.7 gpm/ft (195.0 L/min/m). The highest
specific capacities on record for wells developed in the principal
aquifer system include 15.7 gpm/ft (195.0 L/min/m) of Haynie Products
of Northumberland County (well 166-26) and 12.9 gpm/ft (160.2 L/min/m)
at Cabin Point Subdivision in Westmoreland County (well 196-24). The
largest specific capacities have been obtained from extensively developed
wells having screens in the majority of the sands available and having
been adequately gravel-packed. Table 4 depicts the great variation in
yields,as well as specific capacities, of wells (see also Appendix B)
throughout the area.

Upper Artesian Aquifer. This system has a fairly consistent thick-
ness of about 60 feet. At George Washington's Birthplace in Westmoreland
County this system consists of silty, glauconitic sand layers with rela-
tively low yields expected. This Eocene age aquifer is the first, good,
water-bearing horizon beneath the poorly productive Yorktown Formation
of Miocene Age. The consistency of this upper system makes it a reliable
source of individual, domestic, and possibly subdivision groundwater
supply in both the Northern Neck of Virginia and St. Marys County of Mary-
land. Primarily in a zone trending north-south from east of Montross to
the Morattico area, this system now provides groundwater for many light-
to-moderate water users.

The upper artesian aquifer system generally has a low-to-moderate
well-yield potential, 20 gpm (75.7 L/min) to 110 gpm (416.4 L/min).
Specific capacities for wells developed in the upper artesian aquifer
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system are much -lower than specific capacities for wells in the Principal
aquifer system. This is especially true when comparing the larger diameter
wells in both systems (Table 4 and Appendix B).

Most wells that have been developed in the upoer artesian aquifer
system are small diameter wells which yield 20 gpm (75.7 L/min) to 40
gpm (151.4 L/min) (Table 4 and Appendix B). The larger diameter wells .
(six to eight inches in diameter) which tap the upper artesian system
exhibit some variability across the Study Area. Yields of 30 gpm )
(113.5 L/min) to 40 gpm (151.4 L/min) are normal in the eastern half -
of the Study Area, with yields of 50 gpm (189.3 L/min) to 60 gpm (227 .1 .
L/min) common in the western half. The slightly greater yields in the -
western portion are attributed to the greater permeability of the aquifer
there. The largest yields on record for the upper artesian.aqudfer are
75 gpm (283.9 L/min) near Ditchley in Northumberland County and 110 gpm
(416.4 L/min) at Sanford Canning near Hague in Westmoreland County.

“Water Table Aquifer. This important aquifer system occurs generally
under water table conditions, but locally in the eastern portion of the
Study Area, it occurs under some artesian pressure. The water table
aquifer is especially important in eastern Lancaster and Northumberland
Counties where it is not uncommon for the upper and principal artesian
systems to be quite brackish and, therefore, unsu1tab1e for potable use
(see Chapter 1IV).

The water table aquifer system consists of discontinuous lenses of
generally fine sand and shells as thick as 30 feet. Specific capacities
generally range from one to three gpm/ft., and reported yields throughout
the system generally range from 5 to 20 gallons per minute. This uncon-
solidated aquifer is a source of domestic groundwater supply in most of
the Study Area, but seasonal fluctuations and lack of sufficient storage
make it impractical for any except minor supplies.

State Water Control Board data files show that the unconsolidated,
water table aquifers are a significant source of domestic groundwater
in the Northern Neck. These aquifers also supply groundwater to some
institutions, farms, and other small users in the area.

Elevation of Aquifers

The elevation or altitude relative to mean sea level of each aquifer
determines the approximate distance needed to drill in order to obtain
water from that aquifer. A more exact depth can be determined by adding -
the elevation of the top of the aquifer to the elevation of the well site.
The latter elevation can be obtained from the appropriate U. S. Geological
Survey topographic map.

The principal artesian aquifer sands tend to dip to the east in the
Study Area, from -300 feet msl along the Rappahannock River to

17




-550 feet ms1 (Plate 4) in the Reedville area. The upper artesian
aquifer system is prominent on all the geophysical logs of the area
that were examined. It dips slightly east-southeast from approxi-
mately -200 feet ms1 west of Warsaw to -375 feet msl in the Reedville
area (Plate 5).

e 9 G
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CHAPTER IV
GROUNDWATER HYDROLOGY

Hydrologic data on the artesian aquifer systems in the Northern
Neck consist primarily of specific capacity determinations from single-
well pumping tests. Stratigraphic correlations, assembled from geo-
physical well logs and well sections give a reasonable interpretation of
the hydrologic framework of the artesian aquifer.

Substantial recharge occurs from vertical leakage between adja-
cent aquifers through aqu1tards The rate of vertical flow is propor-
tional to the difference in water Jevels in adjacent aqu1fers and
effective vertical permeability. With heavy pumpage and increasing
pressure differentials, leakage can yield substantial quantities of
water to pumped aquifers.

A minimum value for leakage through the confining layer of the
Principal Aquifer system can be estimated by using Darcy's Law,
Q = PIA, where Q = recharge in gallons per day; P = permeability
(the capacity to transmit water) of the confining layer; I = hydraulic
gradient, which in this case, is the ratio of the head differential
to the thickness of the confining layer; and A = areal extent of con-
fining layer (U.S.G.S. Water Supply Paper 1536-E).

The nearest core from the Virginia Coastal Plain that has been
tested in the laboratory was of a very low permeability clay taken
from Well 118-49 in Charles City County. The permeameter tests
show an average permeability of 0.0025 inches per day, which is equal
to 0.0015 gallons per day per square foot. In the West Point area,
head differentials between two aquifers separated by a 70-foot thick
confining ‘layer vary between 40 feet and 60 feet. Assuming an average
head differential of 50 feet, the hydraulic gradient imposed on the
confining layer is 50 ft/70 ft or 0.71. For an area of one square
mile, the recharge derived from leakage through the confining bed is:

Q = 0.0015 gpd/ft2 X 0.71 X (5.28 X 103 t)?
Q = 0.0305 X 108 gpd = 30,500 gpd

This estimate of Teakage is a minimum value. Clay as impermeabie
as that in the core sample from Well 118-49 is not often found. The
confining layer is usually made up of more silty material in which a
permeability increase of one order of magnitude can be expected. The
head differential in the West Point area is lower than normal because
of heavy pumpage in both of the aquifers separated by the confining
bed.

21
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Transmissibility Values

In 1974, an aquifer-pump-test was conducted at the George Wash-
ington Birthplace National Monument in northwestern Westmoreland
County. This test, as described by Lichtler (1975), is the only
one that has been conducted in the Northern Neck that has utilized
a production well and an observation well, both screened in the upper- |
most portion of the principal aquifer system (Table 5). Transmissi-
bility values, calculated using the modified-nonequilibrium formula
of Jacob, were 14,700 gpd/ft (1825.7 Lday/ft) for the pumping well
and 27,500 gpd/ft (3415.5 L/day/ft) for the observation well. Trans-
missibility values determined using the nonsteady-state, leaky-artesian
formula were somewhat lower: 13,300 gpd/ft (1651.8 L/day/ft) for the
pumping well and 22,800 gpd/ft (2831.8 L/day/ft) for the observation
well. Lichtler concluded that the transmissibility value obtaiaed.from
the producing well using an average of the values obtained by the two
methods, 14,000 gpd/ft (1738.8 L/day/m), is more nearly representative
of the producing aquifer system than the values obtained from the obser-
vation well. A storage coefficient also was determined for the observa-
tion well using the nonsteady-state leaky-artesian method.

Only larger diameter wells were used in making the transmissibility
estimates, since specific capacities from wells with less than a 6-inch
diameter reflect well-design characteristics and not aquifer characteris-
tics. This trend is shown in Table 6, where it can be seen that specific
capacity values for smaller diameter wells in the principal artesian
aquifer and the upper artesian aquifer are similar. If determined by
aquifer characteristics the specific capacity values would be expected
to be higher for the principal artesian aquifer. As well design is the
dominant determining factor for these values, they can not be used in
accurate transmissibility determinations.

Since no other aquifer pump-test data utilizing an observation
well are available, rough estimates of transmissibility values were
calculated from available specific capacity data. The theoretical
specific capacity of a well discharging at a constant rate in a
homogenous, isotropic, nonleaky, artesian aquifer, infinite in areal
extent, is given by the following equation:

Q T
s = 264 log Tt -65.5
2,693r,2S
Where §.= specific capacity, in gpm/ft
Q = discharge, in gpm
s = drawdown, in feet
T = coefficient of transmissibility, in gpd/ft
S = coefficient of storage, fraction
w = nominal radius of well, in feet
t = time after pumping started, in minutes
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This equation assumes that : (1) the production well penetrates, and
is uncased, through the total, saturated thickness of the aquifer,
(2) well loss is negligible, and (3) the effective radius of the
production well has not been affected by the drilling and develop-
ment of the production well and is equal to the nominal radius of the
production well. '

‘The relationships between the specific capacity and the coeffi-
cient of transmissibility for artesian and water-table conditions are
shown in graphs C, D, and E of Plate 6. Pumping periods of 1 hour,

8 hours, and 24 hours; a radius of 6 inches; and storage coefficients

of 0.0001 and 0.02 were assumed in constructing the graphs. These

graphs may be used to obtain rough estimates of the coefficients of
transmissibility from specific-capacity data (Walton, 1970). The coeffi-
cient of storage is estimated from well-log and water-level data, and

a line based on the estimated S is drawn parallel to the lines on one

of the graphs C, D or E in Plate 6, depending upon the pumping period.
The coefficient of transmissibility is selected from the point of inter-
section of the S line and the known or corrected specific capacity.

Specific capacity data were corrected for partial penetration and
well radius using the relationships in graphs A and B of plate 6. A
storage coefficient of 0.0001 was assumed from the aquifer pump test
discussed above. ,

Transmissibilities for the principal artesian aquifer, as deter-
mined from specific capacities, are shown in Table 5. The transmissi-
bility estimate for the George Washington Birthplace Monument well is
reasonably close to the transmissibility calculated from the aquifer
pumping test. As the aquifer pump test value was 14,000 gpd/ft
(1738.8 L/day/m) and the estimated value was 18,000 gpd/ft (2235.6
L/day.m), the transmissibility estimates in Table 5 are considered to
be good rough estimates (¥22%) of the transmissibiiity of the upper
portion of the principal artesian aquifer system. Determination of
transmissibilities of the lower portion of the principal aquifer is not
possible at the present time due to the lack of relevant data.

Very few larger diameter wells have been completed in the upper
artesian and water table aquifers. This greatly inhibits estimation
of transmissibilities from specific capacity data (Table 5). Transmissi-
bility estimates for the upper artesian aquifer range from less than
1000 gpd/ft (124.2 L/day/ft) to 3,500 gpd/ft (434.7 L/day/ft). Trans-
missibility estimates for the water table aquifer range from 2000 gpd/ft
(248.4 L/day/ft) t04000 gpd (496.8 L/day/ft). More specific capacity data
and aquifer pump test data are needed for this upper artesian aquifer
and the water table aquifer.

Transmissibilities also were calculated using available well yield
tests. Available pump test and recovery test data were plotted and
analyzed using the Modified Nonequilibrium Formula and the Theis Recovery
Formula respectively (Ferris, 1962). The formulas are similar in form:
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Graphs Used in Estimating Transmissibilities
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T= 264 Q T = 264

As A}

T is transmissibility, and Q is the rate of discharge or recharge. In ~
the nonequilibrium formula, as is the change (in feet) in the drawdown
or recovery over one log cycle of time. In the recovery formula. &€

is the change in residual drawdown (in feet) per log cycle of time.

Semilog plots were obtained of time versus water level (Appendix D).
Using the Theis Recovery Formula and the nonequilibrium formula, trans-

missibilities for 11 wells on the Northern Neck were determined (Table 6A).

These transmissibility values are considered to be one level--of~=accuracy
better than those values obtained from specific capacities. Generally,
‘the transmissibility values calculated using the two methods compare
well (Tables 6, 6A). The trend can be seen that wells which partially
penetrate the upper part of the principal aquifer generally have lower
transmissibility values such as wells 196-129 and 151-43. Transmissi-
bility values obtained using the pump test versus the recovery test

data at Cople Elementary School are very close. However, frequently
pump test data are not usable because straight line plots of time versus
drawdown data can not be obtained. Recovery test data in this study
area and nearby areas frequently plots as a straight line and therefore
is very useful in calculating transmissibility.

Groundwater Movement

Groundwater resource studies of the Northern Neck have been con-
ducted by Sanford (1913) and Sinnott (1969). Selected data from these
studies were used to prepare historical potentiometric surface maps
of the area (Plates 7, 8, 9 and 10). These surfaces are, of course,
approximations of the conditions for the time period indicated and
there may be some location discrepancies among various researchers.
However, the surfaces are reliable and accurate enough to determine
trends in water levels and groundwater flow conditions.
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TABLE 6

Estimated Transmissibility of
Selected Wells in the
Major Aquifers of the Northern Neck

Corrected** Approximate ~
Specific Transmissibility
Diameter Capacity gpd/ft
Well No. In. gpm/ ft .
Principal Artesian Aquifer System
~Lancaster County
151-50 10 X6 ©3.3% 7,000
Northumberland Co. :
- 166-28 18 X 10 : 5.8* 15,000
Richmond County . 4
179-7 8 X6 3.5% - 8,500
Westmoreland Co. A
196-2 6 4.4 9,000
196-17 20 X 8 18,000
196-23 10 X 8 4.5 15,000
196-24 10 X 8 13.6 30,000
196-43 6 1.8 4,500
196-57 6 8.6 18,000
Upper Artesian Aquifer System
Richmond Co.
179-4 6 2.2% , 3,500
Westmoreland Co.
196-30 6 0.7*% 1,500
196-48 6 0.2* Less than 1,000
Water Table Aquifer (Yorktown)
Lancaster Co. '
151-6 6 X 4.5 1.2* 2,000
151-17 6 X 4.5 2.3% 4,000

*No correction necessary, actual specific capacity.

**Corrected specific capacities obtained from the relationship shown in
Plate A.
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TABLE 6A

Transmissibility Values Determined
From Well Yield Tests
(See Appendix D)

Transmissibility
: Pump Test  Recovery Test .
Well No. Description _gpd/ft gpd/ft To.

Principal Artesian Aquifer System

Lancaster County : e
151-43 Tides Inn 4,020 -———
151-50 West Irvington 17,700 -———
151-83 Town of Kilmarnock ———— 23,820

Northumberland County
166-26 Haynie Products ———— 34,670
166-28 Standard Products ——— 23,210

Westmoreland County
196-2 George Washington 10,590 ———

; Birthplace Park
196-17 Arrowhead Industries 15,010 —-———
196-23 Cabin Point Subdivision ———- 17.100
196-57 George Washington Birthplace ---- 16.000
196-129 Westmoreland State Park -——- 2,160
196-136 Cople Primary School 11,640 11,930

Upper Artesian Aquifer

Westmoreland County
196-12 Sanford Canning 6,600 -———
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Principal Aquifer System, Between 1900 and 1977 pumpage lowered
levels overall by approximately 15 to 20 feet. This is reflected in
both the hydrographs in Plate 13 and the levels maps (Plates 7 and 8).
The hydrographs show a 15-foot drop in the past 10 years. This is
probably because both observation wells are located in major towns.

As the population of the town has increased, the amount of the with-
drawal has also increased.

Two Tow areas are shown in Plate 8. One is in the Reedville-
Fairport area and one is in the Colonial Beach area. These are the
two most developed and rapidly growing areas of the peninsula.

Upper Artesian Aquifer. The potentiometric surface of the upper
artesian system for the year 1900 (Plate 9) shows that the flow was
generally from west to east-southeast. Between 1900 and 19777THE™™
levels declined overall by approximately 10-20 feet (Plates 10 and 11).
A possible low area is delineated in the Lewisetta area. This may be
caused by aquifer discharges to the Potomac River.
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CHAPTER V
GROUNDWATER QUALITY

General Groundwater Quality

Both groundwater and surface water contain various dissolved N

chemical constituents which affect overall quality and usefulness.
Because it is exposed to so many factors which can have a direct effect
on it, surface water generally will exhibit a higher concentration and

greater variety of these dissolved chemicals than groundwater. Ground-

water is affected primarily by the soil and/or rock environment through
which the water ciruclates. Man's activities may have an immediate
impact upon surface water quality, while, in most cases, man's impact
on groundwater quality is not as immediate or apparent. The-effects =
upon groundwater, however, may be much more severe since pollutants

in groundwater tend to be more long-lived and persistent.

The chemical constituents and their concentrations will vary from
one area to another depending upon the geology of the area. Generally
speaking, groundwater is colorless or near colorless, clean, and has a
constant temperature equivalent to the average annual, atmospheric
temperature of the region where it occurs (in the Northern Neck, about
580 F. or 140 C.).

Although numerous properties can be determined when evaluating
water quality, only the most important will be included in the fol-
Towing discussions. More complete analyses are listed in Appendix B.

Results of these analyses usually are expressed in parts per
million (ppm) or in the metric system as milligrams per liter (mg/1).
These two terms can be used interchangeably in describing water quality
analyses.

Principal Artesian Aquifer. The principal artesian aquifer system
has large reserves of excellent quality water which is utilized through-
out much of the study area. The water is of a soft, sodium bicarbonate
type, as is the water in the corresponding principal aquifer in nearby
St. Marys County, Maryland. In the southeastern-most tip of Northumber-
land County the chloride values are slightly higher than normal (Plate
12 and Table 7) ranging from greater than 5 ppm to as much as 169 ppm.

This high chloride zone was identified by Cederstrom (1946) and
is not confined to the Northern Neck. It extends south to the Middle
Peninsula, York-James Peninsula and southeastern Virginia, and to the
east on the Virginia Eastern Shore. It is believed that the salinity
or high chlorides of the artesian aquifer of the Virginia Coastal Plain
is a result of incomplete flushing of sea water from these aquifers

since they were last saturated during the Holocene marine transgressions.
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Another significant chemical constituent of water found in the
principal artesian aquifer is sodium. The sodium content of ground-
water in the eastern zone has been found to be greater than 200‘ppm
(Plate 13). Restricted sodium intakes often are recommended for those
people with various heart and blood problems. Accordingly, water con-
taining 270 ppm or more should not be used for drinking water by those
on a moderately-restricted sodium diet and water containing 20 ppm Y
or more should not be used by those on a very-restricted sodium diet.
The latter group of people would not be advised to utilize water from
the principal artesian aquifer throughout the Northern Neck.

A high ratio (63.1) of total dissolved solids to hardness in the
principal artesian aquifer is in contrast to a lower ratio (4.4) for
the same parameters in the upper artesian aquifer (State Water Control
Board, 1973). Fluoride concentrations are higher in the princtpal- -
aquifer than they are in the water table and upper artesian aquifers;
values range from 0.07 ppm to 4.74 ppm with an average of about 2.00
(Health Department standards are approximately 1.4 ppm, based on tempera-
turn correction). The fluoride values are slightly higher (Plate 14)
in the eastern zone than further west, being 2 ppm to as much as 4.74

ppm.

Upper Artesian Aquifer. The upper artesian aquifer of the Northern
Neck produces water of a moderately-soft type which is similar to the
upper artesian aquifer in St. Marys County, Maryland. Major chemical
parameter values are less than those of the water table aquifer (Table 7).
Fluoride concentrations are generally less than those of the principal
aquifer. The upper artesian aquifer is suitabie for potable use through-
out the Northern Neck for moderate amounts of supply.

Water Table Aquifer. Groundwater from the Calvert and Post-Miocene
formations of the water table aquifer is generally satisfactory for
~ domestic use. Either hardness or the presence of high concentrations
of iron may make it locally unsatisfactory. Chlorides are generally
in the potable range except in localized areas immediately adjacent
to brackish, surface water bodies.
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CHAPTER VI
GROUNDWATER DEVELOPMENT AND POTENTIAL

The water requirements for private, public and industrial purposes
within the Northern Neck currently are being fulfilled by the abundant ™
groundwater resources of the area. Several factors have contributed
to the preference of groundwater development, as opposed to the utili-
zation of surface-water resources. Some of these factors include:

(1) development and treatment costs are approximately three to five
times less for groundwater than for surface water, (2) the population
distribution throughout the area is such as to favor the dispersed
development of groundwater resources over construction of centralized,
surface-water impoundments, and (3) industries within the ared dre 10-
cated in a rural environment which lacks a central water supply of
sufficient capacity to meet their needs.

Review of current data indicates that the potential for ground-
water development is very large and that groundwater should meet
adequately the needs of the area through the year 2020.

Grqundwater Development

The most extensive groundwater development in the Northern Neck
has been in the principal aquifer system. Approximately 88% of the total
withdrawals are from this system. Although the groundwater in the Kil-
marnock-Weems-Whitestone area and the Colonial Beach area probably has
been developed more than any other area, groundwater in the Northern Neck
thus far has not been noticeably overdeveloped. The largest industrial
user is Zapata Hayn1e Corporation of Reedville, withdrawing 362,880 gal-
Tons per day (ggd (1.374 X 100 liters per day). Approximately 971,000
gpd (3.675 X 10° L/day) of groundwater are used by numerous 1ndustr1es,
including Zapata Haynie, and 944,000 gpd (3.675 X 106 L/day) by various
public water suppliers (Industrial/Public Groundwater Use Survey). The
remaining population not on public systems also must obtain its drinking
water from wells of various depths. The total, estimated, usage of
groundwater within the Northern Neck is 2,383,000 gpd (9. 02 X 106 L/day)
(CPRC Five-State Groundwater Report). Much of the industrial use is
in the washing of seafood at local processing plants.

Private Domestic Supplies. Domestic or private systems serve much
of the rural areas of the Northern Neck. A single-home dwelling common-
1y needs a well with a capacity of at least 1.5 to 6 gpm (5.6 to 22.7
L/min) to have a reliable water supply. This is not difficult to ob-
tain throughout the Coastal Plain.

Public Supplies. As defined by the Virginia Department of Health
and the Virginia State Water Control Board, a public water supply
system is one which supplies water for human drinking or domestic
purposes to more than 25 people or more than 15 connections. There are
at least 30 of these systems throughout the Northern Neck, with with-
drawals totalling approximately 1 MGD (3.785 X 106 L/day). These
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systems vary from as little as 2,500 gpd to over 100,000 gpd. .One
of the most important, single considerations is groundwater quality,
which is generally very good, and subsequently treatment costs are
kept to a minimum. The number of wells is easily tailored to water
needs.

Industrial Supplies.  Data taken from Virginia State Water Con- N
trol Board files indicate that there are at least 55 industrial users
of groundwater in the Northern Neck, with withdrawals totalling approxi-
mately 1 MGD (3.785 X 106 L/day). This is an average of 18,000 gpd
(68,130 L/day) per industry, or a requirement of 25 gpm (95 L/min).

Groundwater Potential

The groundwater potential of an area is simply the ability ¥f that
area to yield groundwater. Some type and amount of groundwater almost
always can be obtained from some depth throughout the Coastal Plain
of Virginia. Total groundwatgr usage in the Northern Neck is only
approximately 2 MGD (7.57 X 10° L/day). This amount is assumed to be
much less than the amount that conceivably could be used from wells
that are developed now. In addition, an even larger amount could be
developed in the future.

Problems and Limitations

Many of the problems associated with groundwater are in some way
caused by man's use of, and influence on, the natural system. Movement
of groundwater is relatively slow when compared to stream velocities.
Therefore, both contamination and cones of depression tend to be :
localized. However, as the system is a fairly closed one, the effects
are quite long-term and difficult to correct, once established.

Levels Decline. As discussed more extensively in Chapter V, the
overall water levels in the Northern Neck have declined somewhat in
recent years. No major cones of depression have developed in the
Northern Neck as they have in the other areas of the Coastal Plain.

Quality Problems. The highly-mineralized content of the ground-
water in the extreme southeastern part of the Northern Neck limits its
use (See Chapter IV). Brackish groundwater may be found in the upper
aquifers adjacent to brackish surface water bodies, especially on
narrow peninsulas. Large well installations in the low-mineralized
zone, within five miles or so of the highly mineralized zone, may tend
to cause the highly-mineralized water to migrate inland. No such
migration has been determined yet. Locations of observation wells to
adequately detect chloride movement in the future are discussed in
the following chapter.

Groundwater contamination refers to the introduction of a material
foreign to the native groundwater that tends to reduce the water's usa-
bility. If the water is contaminated to the extent that it becomes
nonpatable or unusable, the groundwater is said to be polluted. Sources

Fe
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of groundwater pollution are many and varied. Those which may be
found within the Northern Neck are: septic tank systems, landfills,
promiscuous dumps, sewage lagoons, industrial-waste lagoons. gasoline
storage tanks, certain agricultural activities, highway de-icing salts,
and irrigation-waste disposal sites. No detectable groundwater con-
tamination was observed in the limited number of wells randomly sam-
pled on the Northern Neck. Most of these above mentioned sources b
primarily would contribute to the contamination of the water table
aquifer. As such, all domestic wells must be located at sufficient
- ' distances from any possible pollution sources in order to protect them
from contamination. In a high density area, septic tank discharge may
be one of the major sources of groundwater recharge and thereby cause
pollution. High nitrates in the water could be indicative of this
type of problem.

i A L4+

Landfills or dumps are possible contributors of a variety of
contaminants. These contaminants could reach the groundwater by
surface water percolating through them and producing leachate. In
order for a sanitary landfill to avoid leaching, rainwater should
be encouraged to run off rather than percolate through the fill
material. Among the protective measures that can be taken are:

(1) appropriate siope to the surface, (2) appropriate vegetative
cover, and (3) impermeable soil cover. In any event, some water most
Tikely will be absorbed by the landfill. In order to prevent surface
water pollution, this liquid must not leach out, a very porous and
permeable soil would favor this containment. However, in order to
prevent groundwater pollution, this liquid must not be allowed to
reach an aquifer. An impermeable layer would inhibit aquifer pene-
tration. With these two opposing requirements it can be seen that
the ideal soil conditions for a sanitary landfill would be difficult
to find. Those ideal conditions are: a clay for the cover, many
feet of sand for the 1iquid to filter through prior to reaching the
water table aquifer and preferably a clay layer above the aquifer.
Another protective method that has not yet been employed in the Nor-
thern Neck is to collect the leachate produced and treat it.

Spray irrigation waste-disposal sites present similar problems.
They require several feet of permeable soil in order to absorb the
1iquid. Then additionally, in order to prevent the contaminants :
) from polluting the groundwater, an impermeable layer is needed beneath
-0 the permeable layer. As can be gathered from this involved description,
these ideal conditions seldom occur naturally. Unfortunately, for
. those concerned with the location of sanitary landfills, or irrigation
o waste disposal sites, these soil conditions are also ideal for septic
tank systems. When these optimum conditions are found in the proximity
of substantial human population, the area usually is zoned for resi-
dential construction. Thus, waste disposal sites are usually relegated
to areas exhibiting less-than-favorable conditions.
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Pollution of groundwater by petroleum products is a very serious
problem that is relatively common. Usually an occurrence is confined
to a small area and involves only one or two wells. This problem

~occurs primarily in the vicinity of gasoline service station facilities.
Gasoline-storage tanks are not permanent fixtures and must be replaced
periodically. - STow leaks can go unnoticed at a service station until
a well becomes polluted or customers get water in the gasoline they -
purchase. The human threshold for the detection of gasoline can be as ‘
Tow as 0.005 ppm. An amount this small can render a water well unusa- ;
ble. The clean-up of subsurface, petroleum spills is difficult, costly, -
and often ineffective. :
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CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS

This report provides a generalized picture of the groundwater
resources of the Northern Neck portion of the Virginia Coastal Plain. -
The factors influencing the groundwater's quality, occurrence, avail-
ability, potential and development have been discussed. When con-
sidering the water resources of the area, the close inter-relationship

Y

- between surface and groundwaters must be recognized. Some water that

occurs on the surface eventually will become groundwater and vice-
versa. Surface water provides recharge to the groundwater and, during
periods of lTow surface water flows, groundwater supplements many sur-
face water streams.

B ey et

Conclusions

Current data on file suggest that groundwater in the Northern
Neck can be developed more extensively than it is at present. Where
1 or 2 wells are not sufficient to supply water needs, development
of a well field, utilizing several wells, spaced at 200-400 feet
(61-122m) intervals, should provide an adequate water supply with a
minimum of surface land area required for treatment facilities.

Groundwater levels have declined somewhat in recent years, al-
though no excessive cones of depression have developed. No industrial
or other relatively large user is known to interfere with another user.
At present, man-made quality problems are not evident. However, the

. potential for problems exists at various industrial and other locations.

Natural quality problems do exist in the parameters of sodium, fluorides,
and chlorides in the southeast. Heavy, future withdrawals in this area
may induce inland migration of brackish water from the high-chloride
zone.

Recommendations

In order to access accurately the effects of waste-disposal sites
on groundwater quality, monitoring wells should be established at each
disposal site. This type of monitoring would not prevent all contami-
nation, but it would assist in containing the contamination, and keeping
it from becoming a large, widespread, and dangerous problem. Data ob-
tained from the monitoring also would provide additional scientific
information pertaining to the relationship of water movement through
waste disposal sites. This information, in turn, further could assist
scientists and engineers in developing additional waste-disposal site
criteria.

A much more comprehensive and quantitative data base regarding
groundwater is needed throughout the Northern Neck peninsula. At
the present time, the elevations of the aquifers can be approximated
only grossly due to the sparse data. With further research these
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elevations could be pinpointed more precisely. The most efficient
method of obtaining this data is through the use of scientifically- -
constructed, research stations. A station is needed between Palmer
and Whitestone in order to delineate the 250 ppm chloride (potable
water) interface. Other areas where groundwater quality data
especially is deficient and where research stations are recommended
are; Morattico-Downings, Village-Luttrellville, Neenah. and Maylors
(Plate 15). At all of these sites, the pilot hole should be logged

by as many different techniques as possible so as to accurately
pinpoint elevations of the aquifers in the area. At all of these
sites, a pump test, with observation wells, needs to be performed on
both the principal and upper artesian aquifers. This, in conjunction
with the logs, would allow researchers to determine the capacity and
potential of the aquifer. During the pump test a water sample.should -
be taken and chemically. analyzed. After these initial stations are

in place, they should be monitored for water level and quality changes.
Existing data, and the data obtained from the recommended observation
wells, may be used to construct a computer model to predict water

level declines and to assess groundwater availability. A comprehensive
and continuous program of data collection is necessary for model
verification.
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APPENDIX A
SUMMARY OF WATER WELL DATA FOR THE NORTHERN NECK

The computer printout on the foi1owing pages lists basic well
data for wells in the Northern Neck. This printout is updated fre-

quently to include information from new Water Well Completion Reports,
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APPENDIX B
SUMMARY OF WELL POTENTIAL DATA FOR
THE NORTHERN NECK

Appendix B contains well potential data on the Northern Neck. Well
- numbers can be cross-referenced to Appendix A. The data listed in
- Appendix B includes: |

State Water Control Board Number - e ———
Owner :
Screen depth

Aquifer

Diameter (in.) of well casing

Test yield (gpm)

Drawdown (ft.)

Specific capacity (gpm/ft)

Log type

Corrected specific capacity-corrected for partial penetration
Duration of pump tests (hr)

Approximate transmissivity (gpd/ft)
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APPENDIX C
GROUNDWATER QUALITY DATA

Appendix C contains chemical quality data on the groundwater
in the Northern Neck. Well numbers can be cross-referenced to, N
Appendix A. The data listed in Appendix C includes: :

State Water Control Board Number

Owner and/or Location of the Well

Date Sampled

Depth of the Well

Screen Depths in Well

The following chemical constituents in milligrams per TiTEF (mg/1):
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)

Copper (Cu)

Lead (Pb)

Manganese (Mn)

Zinc (Zn)

Sodium (Na)

Potassium (

Alkalinity

Sulfate (S0z)

Fluoride (F?

Chloride (

Nitrite (N02)

Nitrate (NO3)

Total Hardness

Total Solids

Dissolved Solids

Specific Conductivity

pH

TOC ‘

Silica (Si07)

K)

-7 The data in Appendix C is a composite 1isting of water samples
taken by the State Water Control Board and by other governmental
agencies.
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APPENDIX D
GRAPHS OF TRANSMISSIBILITY

Appendix D contains semilog plots of time versus water levels of

twelve wells located in the Northern Neck. Well numbers can be cross-

referenced to Appendix A.

e I S 5

-

As




" NG W S




, pieOog |0J41UO0) JD3IBM 21B1IG :924N0G
i
1 ; e 061
‘ m
B 14/pdb 020y = jost
£ =
(€095) (v97) ®
am.MN ) o
o
- s (7%
-
~ty
4o
e
4091,
14
o
zel-Til m
809-885 °
795-255 OfL™
. ‘949-9£9 "m:mm‘_qu o
2L /8/9 @
1s9) dung uanoy g
€q-151 L 1oM 01
ejubap ‘uolbuiagg
uup sopy |
’ l A
000 0Ol 000 ! 001t ot 1

S2TNUTW Uy

‘o |



paeog |0JIUO) 191BN B1BIG :IIINOG

rd
1 v 1 T ] 6E1
_ -4 6¢€1
P
LI}
m
—
1]
n 4 1€ §
m o
. -1l '
= o
®
2
o
©
- A NN
7€9-219 o
0£$-§5§G :susauog 13/pdb 0L L1 = 2
) 3
wl/ze/z & wl/e/e =
15931 dwnd anoy Z (962) (49¢
- ,MQ = .—. = m—m
0G9-191 LISM ‘ 0 792
Z# uolbuiaay 1sopm .
1 . | | . l G
000 01 000 00! ot |

soINUW Ul ‘owyy




pieog [OJ3UO) JDIEM D1E1G  :9D24N0G

. s . v o
( ) ; _ T LEL
| |
= | | -Joti
_———— 4
v
o
-
o
- 4621 §
=
-
1]
@ <
oo . —— - .
I°g =sV gel o o
| J
Q
~t
o
S
N A4 REA
O
W
2
34/pdb 0zg8‘¢z = | @
LL/rz/01
1591 AJ49A0D9Y 1y = | 9z1
(oL£) (%92)
€8-191 LIoM sV _=1
- 0 192
- €4 ooudeuw] |y jJo umoy /
| | ] ] GzZ1
000 01 000 001 ot |

SOIRULW U ‘o




pieog |0J1U0) J19lEM B31E1S

: 924Nn0§

B
i R A

081 ~-04L
01/-989 :suda40g

zL/62/8

1521 A49A0294 unoy ¢

92-991 Li3=M

eluibagp ‘o Aposy
s1onpoad @juhey

£g°€ = sV

14/pdb 0/9°4¢

(£8°€) -
Amomvhammw
S

0 %9¢

I

000 01

000 1

00t
saynupw Uy ‘awg|

ol

£€

(39

119

6¢

8¢

Lz

“1oA27 J437em

14!

Buised j0 doi moysq ‘139




pieog [0J41U0) J9}EM 91B1§ :9DJNOS

s
1 T ™ s [AS
|
! 13/pdb gIZ €T =
i
- m.m = ]
(015) (792) / 5¢
sV = |
0 497
-1 €¢
-4 1€
¢sl-Lyl
ohL-SZL
£89-2L9 1
899-899
#99-6%9 :SUIUDS
€lL/01/2 - €L/6/T
1591 Al8A0D94
z ajnuiw Qf ‘Jnoy 9 /2
82-991 11=A
s3}onpodd pJlepuels
L | l T4
000 Ot 000 | 001 o1 |

SOINULI Uy

‘3w g

LR ESESY -

H

ut

Suised jo dol mojaq ‘133}




pleog |0.43U0) 191EM D1B1IG . :DIUNOSG
K4
} : i T
i
| m
13/pd6 065°01 =
il o=
(£9) (492)
sQ = |
- 0 79z -
il =sg
994h~-1GH 1sSUI3UDG
$9/12/L
15931 dund unoy 9
Z-961 Li°M
soe|dyrag

uolbujysem ab6409y

| ] 1 ]

000 0Ot 000 1 00t ot l

saInuIW Ul ‘awyy

gt

LE

9¢

11

he

£

A%

“19A37 i133em

:

jo d

Buises

031 M0O{3q ‘1994 u

e,




pJeOg [0J]UO) J2]1EBM 211G :3D4NOG

. .. _ ;
I T T T ] ¢8
m
!
- -4 0%
14/pd6 009°9 =
_ W=
(o11) (492)
sV = i
- | 0 4%9¢ -1 8.

2 jC dol MO|3q ‘1834 Ul ‘[9A37 121eM
8

1 4l
o
69/8/L | 5y
1591 dund ©
2Inujw Gy ‘Jnoy ¢
4 U
Z1-961 L1am
bujuue) paojueg
| ] I J o/
000 01 000 1 00t ot !

sa2Inuw Uy ‘awyg




pdieog |041U0) J431EM B1EIG  :2D1NOG
rd
T . 087
m
| !
- -1 09¢
- -4 0%
849-€99 .r 022
£99-£79
409-965
8L9-0.LS
h99-949
045-0€S 14/pd6 010Gl =
h15-86% -1 002
_m:soma $1SU9aUDg S 1t
(799) (%92) =
99/91/¢ - 99/41/¢€
3se3 dund anoy gz SV =1
0 %92
L1-961 1I3M -] 08l
eluibap .mmo;ucozf J
S9141SNPU| PEIYMOIIY
| ﬁ 091
000 1 001 0l {

000 01

S2INULW Ul ‘dwy)

M

Buised jo dol moyaq ‘3issy u:r ‘DAY DI

'y




-

pieog |043U0) J91EM 91E1S

1904Nn0§

81£-869

289-0L9

8€5-2¢S

ohy-0zh
09€-04E :sud9udg

zL/81/g

1593 AJ49A0234 unoy g
£2-961 LI5M

UO|SIAIPANS JUjO4 Ulqe)

e A, W Lt

13/pd6 o001 /1

il

€€

1€

62

Lz

YA

£z

000

01 000 |

001
saINuIW Ui

‘AL

01

te

40 doi mcyaq ‘19

C12A37 JuBlEM

lI!

i
P4

Suisen

D -10




pleog |0J43U0) 191EM 911§ 19D4NOS
s
J T
i
, N
~4
1J/pdB 00091 =
(09°2) =
(0st) (%92)
sV =1
- 0 %92 -
- Lyh-Thy

60%-46E :su2aidg
wl/se/l
3591 AJdo9A0D34 4noy g

L[5-961 [L13M s

adeidyisig
uolbujysepm ab.aooy
| ]
000 01 000 1 001 0l 1
saInuIw Uy ‘awy)

LE

9t

13

L€

62

Lz

sz

f13A37 Jdsiem

uise2d ;o dol Mo|oq ‘1391 Ul

I
|53

D - 11




vgmom

[041U0) Jso1EM ©3B1§  1924N0S

/
T . T JN@_
|
W 33/pd6 091°C =
- 091
L9 =
(95) (492)
SV =1
0 492
- -} 851
4941
8LY-£9%
8EH-E2h s B
HOH-4HgE :sSuULd3UDg
8L/8/1
191 A43A0294 UAnoy 7
. 621-961 (13K -4 251
44
jded 91e]1§ pue|asoWwlIssapn
| ] 051
000 01 000 1 001t ol {
soynuw v ‘awyy

131eM

(DA

<

1 MC|2q ‘31324 uj

i0 do

=

Sutses

12




pieOg |041U0) J123EM D1E1S

19924n0¢g

HEIEEN TN

084-99%

LL/gi/bL = LL/91 /01
1s91 dund Janoy g

9¢1-961 11°

eru)bip ‘onbe
{ooyog Asewjayg sido

- PR, I

1

13/pdb 0H9* 11

(L1)
AmNVA¢@mw
4

0 H9t

]

1

000 01

600 1

0ot
seinutw uy

“owy |

ol

0gl

9/1

441

891

9l

091

951

f13A871 us1eM

2

Buises jo do

1 MO39 1394 u

D -13




pieOg |041U0) 19JBM 91BIG  :9DUNOG
, :
_ ” T Zhl
|
- ] 141
= 13/pdb 0€6° 1L = -} ont
99°1 =
(s£) (192)
s = ]
0 %9¢
-4 6£1
- - 8¢l
084-99% :susda0g
LL/gL/tL 1
1591 A49A0294 unoy €
9¢1-961 LI°M - ,Nm_
ejuibaip ‘onbey
[ooyos Auseujayg 9(dog
| | } 9¢1

000 1

001
s2INUIW U

‘o

01

f13A37 J4d1eMm

dol moi3q ‘199 u!

1se3 jo

Bu:

D - 14

"







mAEv SU939|

Amxm sweabo iy

(ZuM) sasjawdyy aaenbg
(b)) sweaboyy

(6) sweuy

(ury) saa38wo|ry

(wo) suaszauwliua)

(w/uiw/7)
4939w 4ad 3nhujw aad saaL

(utw/7) 9Inuiw asd saart

(w/Kep/7)
Jaraw aad Aep sad sa3all]

(1) s49317
AEV CNERE: T
Aucv snis|9) savubag
(utw/1) 9nujw uad sua3 i
| (1) s49117

RIETED

[-OL X b¥L°6

S0L X 8£10°6

065°¢

(-0L X 9€5°v

Ol X 6v€8°2
609°1
0vs° e

(-0l X 2v2°1
S8L°€

1-0L X 2b2"L
§8L°¢
|-0L X 8b0°€

956" (2€-od)

0oL X ¢€8°¢
Ol X ¢€8°¢
A9 AILINW

SNOISYIANOD JI¥LIW
3 XIGN3ddY

(K) spaep

(1) suol

AN_EV SafLw sJaenbg
(-atL) spunog

(*zo) saoung

(~tw) saty

(ut) sayoug

(24/wd6)
1004 43d 93nuiw aad suoy ey

(wd6) s3nuiw aad suoyjey

(14/pdb)
3004 J43d Aep Jad suo|iey

(Le6) suofiey
(34) 3934
(4o) 313YuaAYRy S384b3Q
(utw/e1y) @anutw aad 3994 d1gn)
(g14) 1894 2140y

HSTT9N3







APPENDIX F
GEQPHYSICAL CROSS-SECTIONS »
Appendix F consists of a series of four interconnected geophysical

cross-sections. These are drawn from a combination of electric and

gamma logs of various wells located in the Northern Neck. The 16cation

of the wells and of the lines of cross-section is plotted on the following
map. Well numbers can be crbss-referenced to Appendix A. The logs in
Appendix F were run by the State Water Control Board, the U. S. Geological

‘Survey and drilling contractors.
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CROSS SECTION A-A’
THE NORTHERN NECK OF VIRGINIA
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AQUICLUDE

AQUIFER

AQUIFER SYSTEM
AQUITARD

ARTESIAN AQUIFER

ARTESIAN WELL

AUTOCHTHONOUS

BEDROCK
BICARBONATES (Metal +
- HCO5 e.g. Na HCO3)

- CAPILLARY FRINGE

CHLORIDES (C17)

GLOSSARY ‘

A formation of relatively low permeability
that overlies or underlies an artesian
aquifer and confines water in the aquifer
under pressure. It contains little or no

water and transmits essentially none.

A water-bearing formation, group of forma-
tions, or part of a formation that will
yield groundwater in useful quantities.

A group of inter-related aquifers.

A formation that partially restricts
groundwater flow. It contains water,
transmits it slowly, but will not y1e1d
water to a well.

A confined aquifer in which groundwater
rises in a well above the point at which
it is found in the aquifer.

A well in which the water rises under
artesian pressure above the top of the
aquifer (the well penetrates), but does

" not necessarily reach the land surface.

A term applied to rocks of which the
dominant constituents have been formed
in the natural or original position as
opposed to prior to erosion and disposi-
tion.

Any solid rocks exposed at the surface
or overlain by unconsolidated materials.

Can raise the pH to a high concentration
which may be corrosive.

The zone of partial or complete saturation
directly above the water table in which
water is held in the pore spaces by
capillarity.

Are indicative of concentrations of

salt water concentrations above 250
milligrams per liter (mg/1) are detectable
by taste.




CLASTIC ROCK

CONE OF "DEPRESSION

CONFINED WATER

CONFINING BED

CONSOLIDATED

CROSS-SECTION

DIATOMACEQUS EARTH

DISSOLVED SOLIDS

DRAWDOWN

EVAPOTRANSPORATION

FACIES

A consolidated sedimentary rock composed
of broken fragments that are derived from
pre-existing rocks, e.g. sandstone, con-
glomerate, or shale, etc.

A conelike depression of water table or ~

of the peizometric surface that is created
in the vicinity of a well by pumping. The
surface area included in the cone is known
as the area of influence of the well.

Water under artesian pressure. Water that
is not confined is said to be under water
table conditions. o

A bed which overlies or underlies an aquifer
and which, because of low permeability
relative to the aquifer, prevents or im-
pedes upward or downward loss of water and
pressure. An aquiclude.

A rock that is firm and rigid in nature

due to the natural interlocking and/or
cementation of its mineral grain components.
The reverse is unconsolidated.

A diagram or drawing that shows features
transected by a given plane; e.g. geologic
feature ‘'such as geologic structure.

An easily crumbled, earthy deposit con-
sisting essentially of the shells of the
microscopic plants called diatoms.

Generally noticeable in concentrations
greater than 500 mg/1.

The depression or decline of water level

in a pumped well or in nearby wells caused
by pumping. It is the vertical distance
between the static and the pumping levels of
the wells.

The process by which surface water, soils
and plants release water vapor to the atmos-
phere.

The rock record of different sedimentary
environments as distinguished by both
physical and organic characters, often
lateral subdivisions.

m




FLOWING WELL

FLUVIAL-DELTAIC

FORMATION

GLAUCONITE

GREENSAND
GROUNDWATER

HARDNESS

HYDRAULIC GRADIENT

HYDROGEOLOGY

HYDROLOGY
IGNEQUS ROCKS
(Basement Rock)

IMPERMEABLE

INDURATED
INFILTRATION

INTERSTICES

A well having sufficient artesian pressure
head to discharge water above the land
surface. T

Pertaining to rivers, streams, ponds, or
river deltas.

A unit of geologic mapping consistiné of
some one kind of rock material. Also a
unit having lateral or vertical continuity.

A green mineral, closely related to the

micas and essentially a hydrous potassium
iron silicate. Commonly occurs in sediments
of marine origin. Tem———

A sand rich in glauconite grains.

Water beneath land surface in the zone of
saturation and below the water table.

Quality of water that prevents lathering
because of calcium and magnesium salts

" which form insoluble soaps.

The gradient or slope of the water table
of piezometric surface, in the direction
of the greatest slope generally expressed
in feet per mile.

The science of the natural laws that
control occurrence and movement of
groundwater. Geology as affected by
hydrology.

The science that relates to water movements
and physical characteristics.

Rocks formed by the cooling and crystalliza-
tion of molten or partly molten material.

Having a texture which does not allow
perceptible movement of water through
rock.

Rendered hard.

The flow of water through the soil surface
into the ground.

The opening or pore spaces in a soil or
rock formation. In an aquifer, they are
filled with water.




LITHOLOGY

METAMORPHIC ROCKS

NITRATES (NO3)

NONFLOWING ARTESIAN WELL

pH

PALEONTOLOGY

PERCOLATION

PERMEABILITY
PIEZOMETRIC SURFACE
POROSITY

PUBLIC SUPPLY

PUMPING LEVEL

RECHARGE

RECOVERY

The large scale physical character1st1cs
of rocks/sedtments

Rocks a]tered from pre-existing rocks
by changes in temperature, pressure, and

chemical environment.

A salt or ester of nitrous acid (concentra-
tions greater than 45 parts per million
(ppm) can be toxic).

An artesian well in which the head is not
sufficient to raise water to the land

surface at the well site. e — "

The negative logarithm of the Hydrogen
Ion activity--measured 1 through 14 with
7 being neutral, 1 being indicative of
highest acidity and 14 indicative of
highest alkalinity.

The study of fossil animal and plant:
remains (to determine past environments).

Movement under hydrostatic pressure of

water through the interstices of rocks

or soils, except movement through large
openings such as solution channels.

The ability of a rock to transmit water
per unit of cross-section.

An imaginary surface that everywhere
coincides with the hydrostatic head
of water in an artesian aquifer.

The ratio of the volume of the openings
in a rock to the total volume of the rock.

As defined by the Virginia Department of
Health, a water system serging 25 indi-
viduals or more than 15 residential con-
nections. ’

Depth to water in a well when the well is
being pumped.

The addition of water to an aquifer by
natural infiltration or artificial means.
Injection of water into an aquifer through
wells is one form of artificial recharge.

The residual drawdown after pumping has
stopped.




RUNOFF

SALTWATER INTRUSION

SEDIMENT
SEDIMENTARY ROCKS

STATIC WATER LEVEL

STRATIGRAPHY

STORAGE COEFFICIENT

TERRACE DEPOSITS

TOPOGRAPHY
TRANSMISSIVITY

UNCONFINED AQUIFER

UNCONSOLIDATED

That part of precipitation that flows in
surface streams. Groundwater recharge

is that part of runoff which has existed

as groundwater since its last precipitation.

The phenomenon occurring when a body of
saltwater, because of its greater density, =
invades a body of freshwater. This may

be caused by a loss of pressure in a
freshwater aquifer.

Material borne and deposited by water.

l
|
: |
Usually stratified formations consisting
of products of weathering by action-ef~. -

water, wind, ice, etc.

The level of water in a non-pumping or

non-flowing well.

The relationship of the formation compo-
sition, sequence and correlation of
layered rocks or sediments.

Volume of water contained in an aquifer
which is related to porosity. Expressed
as an absolute value normally from
0.00001 to 0.002 for artesian aquifers
and from 0.02 to 0.35 for water table
conditions.

Deposits of alluvium (sand, gravel, cobble
or clay) which occurs along the margin
and above the level of a body of water,

- marking a former water level.

The relief and form of a land surface.

The capacity of an aquifer to transmit
water in gallons per unit of time per
section 1 foot wide by aquifer thickness.
Expressed as gallons per day per foot
(gpd/ft) normally ranging from 1000 to
1,000,000 gpd/ft.

Water not under artesian pressure. Generally
applied to denote water below the water
table.

A sediment that is loosely arranged or
unstratified, or whose particles are not
cemented together.




WATER TABLE
WATER-TABLE AQUIFER

WATER WELL

ZONE OF AERATION

ZONE OF SATURATION

The upper, unconfined surface of the zone
of saturation. The surface in water table
aquifer at which the water level stands.

An aquifer which is not confined above,
in which the water level in a well indi-
cates the water table. . N .

An artificial excavation (pit, hole, tunnel)
generally cylindrical in form and often -,
walled in, sunk (drilled, dug, driver, N
bored, jetted) into the ground to such a

depth as to penetrate water-yielding .
rock and to allow water to flow or to be
pumped to the surface e
The zone in which the open spaces in soil

or in a rock formation contain air and water.

The zone in which the open spaces in the
rocks are completely filled with water.
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